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Cataj^rtic  Activity  of  Organic  Polymers 

HI,  law  of  Catalyzing  on  Chelate  Polymers  of  Various  Chemical  Composition 
and  Structure 

by 

W.  P.  Keyer,  0.  JC.  Boreskov,  L.  F.  Rubtsova  and  Te.  0.  Rukhadae 


The  lavs  governing  catalytic  activity  of  polychelates  of  various  metals, dif¬ 
fering  in  composition  of  addenda  atcms  connected  with  the  metal  in  the  chelate  unit, 
were  investigated.  It  wa^  revealed,  that  catalytic  activity  is  determined  by  the  me- 
tal, included  in  the  chelate  unit,  nature  of  atcms, connected  with  the  me  tel, end  the 
nature  of  organic  radicals  in  the  polymer.  Monomeric  analogues  of  a  number  of  polymers 
are  catalytically  inactive.  No  relationship  waa  discovered  between  catalytic  activity 
end  electric  conductivity. 

The  great  breach, existing  between  natural  metalloor garde  catalysts  -  ferments  of 
cay-redux  processes  and  the  inorgmie  catalysts  used  by  industry,  ccmpells  to  search 
far  ways  of  creating  new  type  of  catalysts,  which  will  be  close  in  their  properties 
to  ferments.  Oxidation-reduction  ferments  appear  to  be  complex  metalloor  genie  sub¬ 
stances,  having  the  polymeric  albumin  pert.  At  present  time  for  many  ferments  was  es¬ 
tablished  (by  the  IKS  and  other  rasthooLs),  that  metal  in  connected  with  albumin  -  ligand 
with  the  aid  of  a  chelate  bond  with  its  active  groups  (e.g.anlno-end  carboxyl  groups 
of  amino  acids  (l)>. 

The  first  results  fren  studying  catalytic  activity  of  polychelates,  obtained 
by  us,  point  toward  a  high  catalytic  activity  and  high  selectivity  in  the  action 
of  similar  polymers  ^  • 

The  purpose  of  this  investigation  was  a  brooder  examination  of  laws  governing 
catalytic  activity  in  relation  to  the  chemical  composition  of  a tarns, connected  with 
the  metal  in  the  chelate  joint,  and  also  to  compare  cate lysis  over  chelate  polymers 
and  chelate  complex  compounds, which  arpear  to  be  monomeric  analogues  of 
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c ha 1st*  polynere. 

The  structure  of  chelate  polymers  in  General  view  cen  be  presented  by  the  follo¬ 
wing  scheme 

••  a) 

where  X  end  T  -  stczss  of  addenda  .included  in  the  chelate  joint  and  forming  a  donor- 
acceptor  bond  j  -  L  —  B  —  organic  Uganda. 

We  investigated  catalytic  properties  of  polyche  la  tea.  obtained  on  the  basis  of 
Uganda  with  different  X  end  Y  atone.  Folycheletes  with  identical  eonposition  of 
addenda  a  tans  in  the  chelate  unit  were  designated  by  us  further  on  hy  one  umber  (see 


table  1). 

w«  investigated  poly chela tee  of  copper,  nickel,  cobalt,  ircn,  zinc,  cadmium,! 
ganese  and  pel :* Slum.  Into  the  basic  chain  of  polychelatea  were  introduced  red! cela 
of  aliphatic  end  arena  tic  aeries  H.  In  addition  in  polymer  a  of  certain  structures 
wea  changed  the  composition  of  crgpaie  grenps  g  in  the  side  chains.  The  structure  and 
composition  of  the  investigated  chelate  polymers  are  described  in  table  1. 

Thble  1. Investigated  chelate  polymers,  thoir  c herd. cal  cccpositian  end  structure 


fj)  Desiccation  of 
*  '  polychelate 


1  (B)* 
2n  R,r) 


2b(B) 


(2)  Organic  coop. on  the 
*  /  basis  of  whieh  cheliti^ 
was  derived 


Bis-dlsodiumthlaearbaae  te 


alpha-thioal  ilaoidoCdi- 
phanyl,tolidine.dianizidinc] 
pyridine 


?oly-4,4*-bis-elphe»thio 
kamidodiphenyl, tolidine,di 
bniz i dine )-2, 6-lutidine. 


f  Structure  of 
chelate  unit 
and  ebtreria- 
ted  deaigna- 
MSS* - 


B-the 


as  in  structure  2a 


^Structure  of  noaoneric 
HwV  of  polychelats 


Kolecular  weight  4 0000- 
70000 


(See  page  3a  for  table  l) 
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2c  Ruble nohydrogen  acid 


3a  (r)  Schiff  basis  3»5“n*t*Vl®n®“ki* 
-salicylic  aldehyde  (4) 


3b(r)  Schiff  basis  diacety  Ire  score  in 


(r-thc  same  as  in  structure  3*)  (See  page  3a  for  Table  l) 

3e(r)  Schiff  basis  5,3' -diasodijfcenyleno- 
bis-aalicylic  aldehyde 


(r  -  the  same  as  in  structure  3a) 

4q  3,5’ -me thylena-bis- salicylic  al¬ 
dehyde  (5) 


lib  DinitroscorescrclA 


ho  Tr  initroaaflacoroeluc  ine 
(phi croc  Inc inol) 

*  in  polyene:: tea  of  given.  structure  the  copper  is  monovalent 

1.  Catalytic  Activity  of  Folynera  of  the  structure  his  (aza-tMa) 
with  Chelate  unit  2  (K,S)Me. 

As  was  shown  in  table  1  we  investigated  three  types  of  .olyaers  of  given  struc¬ 
ture,  obtained  on  the  basis  of  thioaaides  of  elpha-picoline  with  diamines t 
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benzidine.  c^tolldine  and  o-dianioidine.  T*be  mentioned  polymers  ars  distinguished  by 
too  radical  R  in  the  basic  chain  and  are  designated  later  cn  as  2a  (R^»r^t)  >5e|  2a 
(Rg,  r^f)  Me  and  2a  (R^*r^,)  Me  respectively*  In  this  group  of  polymers  for  the  con¬ 
venience  of  designating  are  included  polychela  tee,  obtained  on  the  basis  of  thioomL- 
des  2,6-lutidine  with  the  very  same  diamine e.dif faring  from  previous  polymer B  fay  the 
presence  of  C Ej  group  in  the  side  ehatn  (see  table  1.)  and  designated  by  us  as  2a 
(R3.r2’  )Me,  2a  (R£Vr2*  )Ms  end  2a  (R^*?2()  Mb.  In  polymers  of  the  2a  structure  the 
nitrogen  eoardlnately  connected  (bound)  with  the  metal*  is  included  in  the  pyridine 
ring.  The  second  type  of  2bMe  polymer  with  the  very  structure  of  chelate  unit  2(H.£) 
Me  was  obtained  on  the  basis  of  polythioamido  2,6-lutidlne  with  above  mentioned  dla- 


rig.ljgjnetic  IsothariBB  of  hydrazine 
decomposition  into  bis  (ana-thla)  poly¬ 
chela  tea  of  copper  of  different  structu¬ 
re  .distinguished  by  the  composition  of 
radical*  (>108°,p  aim  Hg)  « 
l-2aCr'i*«c)0tt|  2-(r«1(R7)cn}  >2b(R,)<* 
4-2o(Cn*i  S^aCr'i.R.T  &»,Zn;  6-2a  (r'2 


ttg.2.  Cato  lytic  activity  of  polychela tea 
of  2a  structure  (Rt*x)  for  metals i 
1-CXij  2-IdLj  3 -Co |  T  *  108*.  p  ■  1  m  Hg. 

In  this  structure  the  chalets  band  of  the 
metal  is  formed  on  account  of  active  g-oopa 
of  polymeric  chains,  having  nitrogen  aad 


sulphur  atoms,  which,  entering  with  the  metal  into  chelate  bonds,  fora  a  polymer  of 


honeycomb  structure.  The  third  type  of  polymer  2e  with  the  very  same  chelate  unit 


was  obtained  on  the  basis  of  rubiano  iy&rogen  add. 

The  method  of  measuring  catalytic  activity  was  describes  before  ty  Decom- 
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pool t ion  of  lydrazins  was  investigated  at  e  hydrazine  vapor  pressure  of  1  m  Eg* 

The  polymer  was  first  degesified  at  110°  until  gas  formation  has  stopped, gas  control¬ 
led  by  the  Mc-Leod  gage  with  a  constant  of  5*1&  cnT”.  Decomposition  of  hydrazine 


was  recorded  by  the  pressure  rise  during  the  separation  of  gaseous  decomposition  pro¬ 
ducts.  fydrazine  can  deccopose  by  two  reactions t 

2.3 

In  decomposition  products  ware  determined  individually  nitrogen,  hydrogen  and 
ammonia  pres  sure  a.  On  the  basis  of  the  composition  of  ^secus  products  was  calculated 
the  percentage  of  hydrazine  decomposition  by  the  first  and  second  methods. 


In  fig.1  and  in  table  2  are  given  data  on  the  study  of  catalytic  activity  of  bin 
( a xa-thia) -polychela tea  of  various  metals. 

Table  2.  Catalytic  activity  bis(aza-thia)-polychelatee 


[Olblychelstos 

W3w| 

(p^Rate  of  re¬ 
action 
b.  10 

(»J  i 

kcal/nol 

n 

V 

Ti 

I 

TT 

7J 

2ji^  r,-)Cu 

0.07 

217 

2.7 

5.4-10* 

7# 

21 

2i(R.  r,')Cu 

0.10 

215 

— 

_ 

42 

58 

2*(R. 

r,')Oi 

0.24 

220 

— 

79 

21 

2a  (R* 

r.'JCu 

0.238 

47 

4.8 

»*»o» 

# 

II 

0.35 

77 

2.8 

3.8-1*/* 

02 

• 

iijRjCo 

1.05 

8 

— 

—  | 

57 

43 

•  2a  (R*  r.lOi- 

4.34 

C 

5.0 

1.0-10*  i 

88 

12 

2»(Rfc  f,')  Cu,  Zs 

3.17 

8 

— 

— 

81 

39 

2*Cu 

0.50 

75 

— 

— .  { 

12 

88 

2>Ni 

0.10 

20 

— 

—  ] 

0 

100 

2*  (R»,  r.TCo 

18.35 

3 

— 

—  1 

1  t 

— 

2a  (R,.  r.-JNI 

5,00 

1.5 

— 

-  1 

1C  i 

i  81 

2a(R,)Pd 

2.37 

5 

7.3 

1,8- 10*  1 

19 

s: 

2a(Rfcf,')Ni 

0.38 

0.0 

— 

— 

— 

— 

2a  (R.  tt’)  Zd 

8.54 

(>.. 

— 

— 

- 

2a  (R,. 

r,*)Cu  1 

1  10.40  I 

7 

6.0 

210» 

80 

20 

It  is  evident.  that  the  highest  catalytic  activity  was  displayed  by  copper  polychel* 
ate  of  2a  structure  (R^tr*^)CU.  Replacement  of  30g  Ctt  by  zinc  in  the  given  poly  chelate 
in  the  process  of  preparing  the  polymer  reduces  specific  catalytic  activity  by  38  times 
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i«a«  by  the  nonpropcrtionBlly  substituted  part  of  the  copper. Zinc  ccmpouala  of  tha 
▼ary  same  polymer  structure  were  catalyticelly  inactive. 

^e  reproducibility  of  results  was  checked  on  samples  of  several  individual  bat¬ 
ches.  High  specific  catalytic  activity  was  also  possessed  by  cupper  chelate  of  2b 
structure  (R^)Cu. 

The  activity  of  copper  polycbelates  of  2a  structure  (H^,r)CU  drops  at  the  repla¬ 
cement  of  the  radical  by  the  by  36  times.  This  result  is  reproduced  in  ccc pounds 
of  various  preparation,  and  the  replacement  in  the  polymer  of  2a  structure  (Rjj.r'j) 

Oi  of  the  pyridine  by  lutidine  with  the  formation  of  structure  2a  (H^,r*)CU  leada 
to  a  4.5  times  drop  in  activity.  Of  the  investigated  copper,  nickel,  cobalt, pa llad ion 
and  mine  pclycheletes  the  activity  was  demonstrated  by  copper  chelates. In  fig.2  are 
given  kinetic  isotherms  for  the  decomposition  of  hydraziim  on  polychelates  of  2a 
Structure  (R^,v)  for  Qi,  Co,  Ni  metals.  It  is  evident  free  the  drawing,  that  metala 
are  situated  in  tha  order  of  decreasing  activity  in  the  Co  series.  In  poly¬ 
mers  of  structure  2a  nickel  and  tine  ere  inactive.  Introduction  of  palladium 

Instead  of  copper  reducea  activity  by  10  fold. On  polychelates  of  various  metals  the 
chanjp  in  chemical  composition  and  structure  of  the  polymor  produces  a  different  ef¬ 
fect.  At  the  change  over  from  the  polymer  structure  2a  Cu  to  structure  2a 

(Rj,r'2)Q»  activity  of  the  polymer  risea  by  7.5  times,  end  for  nickel  polymers  it 
drops  by  mere  than  10  timeB.  In  this  way  on  different  metals  the  structure  of  the  polymer 
eserts  an  irregular  affect-. 

2.  Catalytic  Activity  bis  (aza-oxa)-p>olymer  In  chelate 
unit  2  (N,0)He 

Ve  investigated  the  catalytic  activity  of  three  types  of  polymers  with  mentioned 
composition  of  the  chelate  unit,  differing  in  chemical  composition  and  structure  of 
polymeric  chain  (see  table  1).  Tol.-mers, designated  further  as  structure  3a,wer#  ob¬ 
tained  during  reaction  of  polymeric  3chiff»s  bares  (poly-5,5»-aethylcne-bis-salic7lal 
diiaines,  poly-5,5*-aethyleno-bis-s.:licylol  ethylenodiirdnss,  poly-5,5'-metlylen# 
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bie-salicylal-hexumethylene  di Ininas,  poly-5,5* -methylene-bia  -salicylal-phenylene-dii- 
mines)  with  metal  salts.  In  this  ease  were  derived  polymers  of  3a(r)Ms  structure 
(radicals  r  are  desi^iated  in  table  1)  with  Cu24,  Ni24,  Za24 ,  Fa24-,  Mn?4  ratals.  Poly- 
mere  with  the  very  same  chelate  unit  biB  (aza-coca)-etructure  3b(r)Me  were  obtained 
on  the  basis  of  diaeetylrescrcin  during  its  reaction  with  c corresponding  metal  salts. 

In  this  structure  as  well  as  in  the  previous  one  the  radical  r  attaches  itself  to 
nitrogen  atone, connected  with  the  metal,  The  very  tume  radicals  have  been  introduced. 
Structure  3c(r)Me  differed  from  3a(r)Ms  by  the  presence  in  the  polymer  of  an  anddo- 
di phenyl  radical  chain  analogous  to  the  one  which  la  included  in  the  polymer  of  struc¬ 
ture  2«.  In  fig«3  ®re  shown  kinetic  isotheraujof  hydrazine  decomposition  at  108°  into 
bis  (aza-oxa)-rolychelate  of  corner. In  table  3  is  given  a  aweary  of  data  on  cataly¬ 
tic  activity  of  this  group  of  polymers. Cop¬ 
per  chelates  ara  arranged  in  aerlds  in  the 
order  of  decreasing  activity!  3b(rj)CU,3« 
(r2)cu»  3a  (r2)Cta.  3«  (r^CU,  3b(r2)CU.  Am 
rate  of  catalytic  decomposition  of  hydrazine 
increases  whan  radical  r2  is  replaced 
by  r 2  in  coppar  polychelates  of  3b  structure 
at  unchanged  composition  of  remaining 


na’.fSwjyJ 


?ig.3*Kinetic  isotherms  of  hydrazine  da-  polymer  by  20  fold.  An  analogous  offset  on 
coQpositioojLnto  bis  (asa-on)  polychelatea 

of  copper  of  various  structure, differing  catalytic  activity  is  observed  for  copper 
by  the  composition  of  radicals  (^108*# 

P«  1  ram  Hg)i  l-3b(ro)Cuj  2-3c(ro)0ui  polycbalatas  of  3a(r)Ch  structure.  Replacement 
>3e(r2)0U|  4-3*(Ri>»l  >3b(r2(0». 

of  radical  by  r2  increases  the  activity 
by  two  times.  The  structural  effect  of  the  polymer  with  tine  hanged  radical  r,attacbed 
to  nitrogen  atone,  connected  with  the  metal  in  the  chelate  unit,  is  lass  considerable. 
And  ao  for  copper  polycbalatas  3a  (r2)Cb;  3b(r2)Gtt  and  3c(r2)CU  *be  activity  chtmges 
in  ratio  110t30i  20,  i,e,  only  a  by  a  total  of  3  times.  Hipest  catalytic  activity 
in  polymers  of  structure  3®»  3b  and  3c  is  demonstrated  by  copper  polychelatea. 
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Lass  Active  are  polycholates  of  iron*  1'ottil  L.y  i:-jctlw  uro  polychelatea  of  oickel 
and  aine.  In  is  shown  the  rate  of  catalytic  decomposition  of  hydrazine  in 

standard  conditions  at  108°  for  bis(aza-oxB)-polychelates  of  copper  and  Iran. 


Table  3.  Catalytic  Activity  of  bie(aza-oxa)-Polychelatea 


(Oftolychelate 

WSspeo 

(7)Rete  of  reac¬ 
tion  w.io3. 

m 

kc  a  1/mol 

l*)*o 

Cm J  MoJ*>x*mx t 

a 

<3) 

(*)  SJt 
1 

m 

3a  (fj)  \i 

3j  |f|)  Fe 
3j  (r.j  Ft 
3a  (r,)  Ft 
3a(r,)Zn 
3a  (r,)  Zn 
36(r-)Cu 
36  (r,»  Cu 
36(r.)Ni 
36(f,)Ni 
36  (ij)  Zn 
3s  (r.)  Cu 
3a(fJMn 


It.Vl 
0,H 
2M 
1.57 
4. 01 
7.15 
3.81 
16,60 
0.58 
9.40 
0.39 
0,32 
1.31 
4.9 
0.03 
0.40 
11.3 


lo 

o.O 

0.0 

o.o 

2.0 

0.0 

0.6 

0,0 

0.0 

2.0 

40 

0.0 

o.o 

0.0 

10 

6 


■M 

V 


0,4 

3.2 

0.0 


Percentage  of  hydra - 
zine  decomposition 


(o)l  direc¬ 
tion 


(?)II  direc¬ 
tion 


((,)  n> 


^Al  O 


6- 10* 
i-io» 
5-10* 


a 

i  V 


17 

70 

43 


66 

58 


54 

31 


59 

hi 


83 

30 

57 


34 

42 


46 

,69 


Catalytic  activity  of  copper  polychelates  ia  considerably  higher,  in  the  drawing  is 
shown  the  activity  of  iron  catalystatobtoined  as  result  of  developing  a  catalyst 


(initial  activity  lower).  For  iron  poly  chelates  the  presence  of  radical  Tj  ia  «1*© 
connected  with  such  higher  activity  aa  compared  with  Tj  end  r^. Activity  changes  in 
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and  chemical  composition!  l-l-3b(ro)Cu;  2-3b(r2)Cuj  >*3a(r2)Q»|  4“3®Cr^)0uj  5“3>» 

(r1)Qi{  H-l-3a(r2)Taj  2-3a(r1)?al  >3*(r3)?ai  T»  108°j  P  »  1  ran  Eg. 

Pig.5*Kinatic  dec  composition  isotherms  of  IBBr  into  bis  (di-oxa) -copper  polychelates 
l-4c(Cu){  2-4b(Cu)}  3-4a(Cu)j  >  108°,  m  %. 

The  polymer,  consisting  manganese  in  the  structure  3a(r^)f*x  has  a  catalytic  activity 
close  to  the  activity  of  iron  polychelate  3a(*2)r«» 

3*  Catalytic  Activity  of  bis^di-occa) -polymers  with  chelate 
unit  2(0,0)Me. 

We  investl&rted  the  catalytic  activity  of  bis(di-aaa)>polymera  of  three  structures 
(aee  table  1)» 

In  fig«5  are  presented  kinetic  isotherms  of  hydrazine  decomposition  an  three 
types  of  b is (di -coca) -copper  polychelates.  It  is  evident.that  mazinum  activity  is  dis¬ 
played  by  the  sample  of  structure  4c (Cu).  Specific  catalytic  activity  at  the  sample 
of  structure  4c (Ctt)  exceeds  by  4  times  the  activity  of  sample  structure  4b(Cb)«  Poly¬ 
mer  at  structure  4a(cu)  bee  a  such  lover  activity.  It  is  characteristic, that  polymers 
containing  iron  and  nickel,  in  structure  4c  (table  4) have  the  low  catalytic  acti¬ 
vity,  while  in  structure  4*  they  are  totally  inactive.  Specific  catalytic  activity  of 
polymers  in  the  series  4e(Cu),  4c(7e),  4c(Ni)  at  108°  is  expressed  by  the  ratio  (44* 

3*1)  10  ^  ct^/a2.min. 

Ibble  4»c®ta lytic  activity  at  bis-(di-axa)-polychelatea 

(0  iblychelate  MS.  (3)  w.lcP  [i)  Percentage  of  hydrazine  d»- 

arnrVg  caVor  .min  compos  It  ion  _ 

(M08°)  I  direction  \s)  u  direction 


(0 

W_ 

_i?L_ 

_J*vL 

JV- 

4j(Cu) 

o.so 

6 

80 

14 

4«  (Fc) 

O..S3 

0,0 

— 

4«<Ni) 

4, ‘JO 

0,0 

— 

— 

16<Cu) 

1,(6 

12.0 

0 

100 

«•  (Cu) 

3,01 

41,0 

87 

13 

4»<F») 

3.M 

1.0 

0 

100 

4»(Ni) 

4.82 

3,0 

0 

too 

4.  Sffect  of  structure  and  chemical  composition  of 
polymer  on  selectivity 

Dp  until  now  ve  accented  our  attention  on  the  total  rate  of  hydrazine  deccmposi- 
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tian,  exalt  ting  the  trend  of  the  decomposition.  The  trend  of  the  decomposition  cl*r_ 
notarizes  a  very  important  property  of  the  catalyst  -  its  selectivity.  As  was  shown 
by  an  investigation  of  polychelates  with  different  composition  of  the  chelate. 

unit  and  the  organic  radicals  included  In  the  polymer*  selectivity,  as  well  as  the 
rata  of  deccnpositicn,are  very  sensitive  to  the  structure  and  chemical  composition 
of  the  chelate  unit  and  organic  part  of  the  molecule  as  well* 

Selectivity  can  be  evaluated  by  the  ratio  o'V  rates  of  hydrazine  decomposition 
by  the  first  and  second  method. 

To  investigate  copper  polychelates  the  decomposition  trend  changes  from  lOOJt- 
tie composition  by  the  first  reaction  into  nitrogen  and  hydrogen  for  certain  polysmra 
of  structure  2  and  1  with  chelate  unit  2  (N,S)Cu  and  (S*S)CU  to  100JC  decomposition 
into  nitrogen  and  ammonia  by  the  2-nd  reaction  for  copper  polychelates  of  structure  3 
with  chelate  unit  2(K,C)0u  end  structure  lib  with  chelate  unit  2(0,0)0h«  Whan  changing 
the  organic  part  of  the  polymer  by  introducing  radicals  R  and  r  of  various  structure* 
the  ratio  of  rates  of  decomposition  of  hydrazine  in  the  first  In  seeoiri  reactions 
and  the  selectivity  have  an  intermediate  value. 

In  fig. 6  is  given  the  dependence  of  selectivity  of  the  investigated  copper  poly- 
chelates  upon  their  chemical  composition  and  structure.  Along  tbs  axis  of  the  ordinates 
are  plotted  ratios  of  rates  In  accordance  with  second  and  first  reactions  Wg/fj.  ^ 
the  axis  of  the  abscissa  to  the  left  are  situated  compounds  leading  the  decomposition 
into  nitrogen  and  hydrogen,  to  the  right  -  leading  decomposition  into  and 

nitrogen.  The  ratio  of  rates  of  decomposition  VgAj  on  certain  polymers  changes  with 
tempera tura ,whieh  indicates  a  difference  in  activation  energies  of  those  two  decom¬ 
position  processes.  Such  a  change  took  place  in  2b(Cu)  and  2a(R^*r*2)C0  compounds. 

With  the  rise  in  temperature  the  percentage  of  decomposition  by  the  first  reaction 
increased  in  both  instances  .which  indicates  a  much  higher  activation  energy  of  de¬ 
composition  by  the  first  reaction.  Activntion  energies, calculated  for  the  decaaposi- 
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tioQ  by  first  and  second  reactions  on  tho  compound  2a(R^»r*2)Cu*  equal  5*7  and  0,6 
ekal/mol  rasp.  On  compounds  3a  (r)Cu  decomposition  in  the  entire  investigated  range 
of  temperatures  takes  place  in  accordance  vith  second  reaction.  On  the  polyiwr  2a(s^)CU 
the  ratio  of  the  rate  of  decomposition  in  the  interval  of  26-108°  remaina  con¬ 

stant,  indicating  approximate  equality  in  activation  energies  of  both  processes. 

An  analogous  dependence  of  selectivi¬ 
ty  upon  composition  is  also  observed  for 
nickel  polychelates.  And  so,  far  example, 
on  a  nickel  polychelate  of  structure  2b 
vith  chelate  unit  2(S,S)N1  the  decomposi¬ 
tion  of  hydrazine  in  the  investigated  range 
of  temperatures  occurs  by  see  and  reac¬ 
tion.  On  a  nickel  polychelate  of  previous¬ 
ly  Imres tigpted  structure  1  vith  chelate  unit 

2(S,S)NL,  the  rete  of  decomposition  by  Fig.6. Selectivity  of  catalytic  decomposi¬ 

tion  of  hjdrazine  by  first  and  second  re- 

first  and  second  reactions  are  camennu-  actions  far  copper  pclychelates  of  various 

structure  and  chemical  compositions 


rate,  their  ratio  chsiges  sncothly  in  'e-  l-l(H, )CUj  2-l(Rc)CU|  3”3b(r-)CU|  4“2bCr*i) 

Cu;  3-?b(r,1)(Rr'5CUj  6-3b(r21cuj  7-3* (*2) 
pendence  upon  the  organic  radical, which  Cu;  S-2o(CU j  3b(r^)CU, 

is  included  in  the  polychelate.  In  this  wey.tke  selectivity  of  the  reaction  sensitive 

to  chemical  composition  of  the  chelate  unit,  as  veil  as  to  structure  and  composition 

of  or^nic  radicals  of  the  polymer  can  be  regulated  in  broad  limits  by  chmging  sens, 

5,  Compering  catalytic  activity  of  polychelstea  vith 
catalytic  activity  of  corresponding  monomers. 

Vhen  studying  metall  oar  garde  chelate  poljrters  a  problem  arises  os  vhether 
the  specifically  observed  lave  of  catalytic  activity  for  polymers  are  not  determined 
by  the  effect  of  atoms  very  close  to  the  CEtal  and  vhether  the  complex  compounds  vill 
be  of  the  very  same  c  cm  posit  lea,  i.e. monomer  ic  analogues  of  investigated  polymers, 
and  possess  analogous  properties.  To  explain  this  problem  vas  measured  the  specific 
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catalytic  activity  of  monomeric  analogies,  representing  coo  link  in  the  series  of 
polychelates  listed  in  table  1_.  The  structure  of  the  investigated  complex  compounds 
_  monomers,  their  specific  catalytic  activity  and  catalytic  activity  of  corresponding 
polymers  ere  listed  in  table  5* 

Of  the  aeries  of  monomers  listed  in  table  5  tor  the  three  first  ones  correspon¬ 
ding  polymers  were  distinguished  by  high  catalytic  activity.  The  investigated  corres¬ 
ponding  monomers  vers  found  to  be  in  analogous  conditions  catslytlcally  inactive. 


Table  5*  Comparing  catalytic  activity  of  polymers  with  activity  of  corres¬ 
ponding  monomeric  analogies 


Composition  of  monomer 

ibbrev.desig- 
[V  net  ion  of 

“wHo3 

«3_ 

Polymer 

“’91*  | 

& 

(0  j 

monomer 

(3) 

nf.nrin 

_J & _ 

_12 

u;| 

■*’,i«4b( 

■  til- 

(Ses  psgs  12  s  for  Table  $) 
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(3J 

CHM-2 


(5J 

lo.ccl 


2619Cu 


2fll8Cu 


O.M! 


[0.53 


W 

0,00 


0,00 


0,00 


(5) 

3a  (f|)Cu 


26  (Rj)  Cu 


26(R»)0)] 


(fe> 

0,66! 


£7) 

12.X 


0.35 


1.05 


80.X 


8.X 


2alBCu 


CHM-1 


[0,32 


k>.7 


O.X 


po.x 


2a(Rt.rJCul 


4.34  6.X 


3a(>i)Cu  111, 2  '  S,X 


CHH  [0.07 


O.X 


3a(fi)Ni 


2,xJ  O.X 

i  » 


Table  5 
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One  of  the  men  era  r  a -copper  sallcy  la  limine,  representing  a  monomeric  analogue  of  a 
lesa  active  polymer  3a(r^)GU,  had  at  108°  a  specific  catalytic  aetivity.elose  to  the 
catalytic  activity  of  corresponding  polymer  3a(r^)CU, 

Estimation  of  results 

Ve  investigated  polychela  tea  bis(eza-thia),  Ms(aza-axa),  bia(diaza)  and  a  pare- 

2 

viously  investigated  system  of  di-thia  (  )  polychelates,  the  composition  of  tha 

chelate  units  of  which  esn  be  presented  conditionally  aa  2(N,S)Hep2(N,0)Me|  2(0,0)Me 
and  2(S,S)Ms«  In  the  latter  case  for  copper  polycheletea  the  chelate  unit  had  a  struc¬ 
ture  Cu(S,S)  aa  result  of  tin  monocharge  state  of  the  copper, In  all  remaining  structures 
of  polycheletea  tho  copper  was  in  bivalent  state,  • 

Investigation  of  hydrazine  decomposi¬ 
tion  showed, that  the  catalytic  activity 
of  polycheletea  depends  strongly  upon  tha 
chemical  nature  of  the  atoms,  connected 
with  the  metal  in  chelate  unit, In  fig.7 
is  shown  the  change  in  rate  of  decatspoai- 


tioa  of  hydrazine  at  108°  on  copper  poly. 

Fig,7,Rate  of  decomposition  of  hydrazine 
chelates  with  various  composition  of  ad-  on  copper  polychelatea,  characterized  by 

com  position  of  chelate  unit, in  relation 

denda  atone  in  the  chelate  unit  in  depen-  to  c o-'eposition  oar  organic  radical  of  poly* 

mar  < 

denes  upon  the  nature  of  organic  radl-  1-2(N,S)CU  -  1  -  2a(r'1,Rc-)CU,  2«2b(R7)C0| 

3-2c(CU),  Jr2a(r'2*Rc)ai,  50  2b(R$)Oi; 
calm, included  in  the  polymer.  Polymers  6-2a(r,.,Rp)0uj  II  -  (S,S)CU-I-l(i^)CU, 
ar*  2-l(Ro)Cn,  >l(Rc)0n,  4-l(R-)C0|  lH-2(0r0) 

/arranged  in  the  order  of  reducing  their  Cu-I-rc(CU),  2-4n(0u),  3-4atcu),  IT-2 (Ho) 

cu-l-3b(r2)cxi,  2-3o(r2)0u,  >3*(r2)0u, 
catalytic  activity.  It  is  evident  from  4-3a(r^)CU,  5“3b(r2)c^» 

the  drawing  that  highest  reactivity  is  possessed  by  bis  ( a za- this) copper  polychelates 
bis(aza-thia),  followed  by  di-thia  copper  polychelates,  of  which  only  one  had  an  acti¬ 
vity,  c (sparable  with  the  mean  activity  of  aza-thiacopper  polychelatea.  The  catalytic 
acti.-ty  of  series  bia  (di-coca)-  and  bis  (a zo-ooca) -copper  polychelatea  is  close. 


la  this  way,  ins  pita  of  the  fact,that  the  introduction  of  various  organic  radicals 
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into  the  basis  and  aids  chains  of  the  polymer  exerts  a  stron  effect  on  catalytic  activity* 
by  changing  same  in  broad  limits,  copper  polychelates, depending  upon  the  composition 
of  the  chelate  unit  can  be  arranged  injseriea  >  2(N*S)0u  ^(S*S)  Cfc^2(N*0)Qi|  2(0*0) 

Co. 

Tar  nickel  polychelates  was  derived  a  similar  dependence  of  activity  upon  the 
structure  of  the  chelate  unit*The  highest  catalytic  activity  wee  discovered  for 
nickel  polychela  tee  in  structure  1  and  2  with  chelate  unit  2(S*S)Ni  and  2(N*S)NL*  In 
structures  3  and  4  with  chelate  unite  2(n*0)NL  and  2(0*0)N1  respectively,  nickel  poly, 
chelates  are  catalytically  inactive*  Only  one  polymer  of  structure  4c  (Nl)  had  weak 
catalytic  activity.  The  copper  polymer  of  the  vary  same  structure  4e(Cu)  is  44  tinea 
more  active*  Attention  is  attracted  by  the  feet  that  bis(^za-thia)-nickal  polymers 
are  less  active,  than  his  (di-thia) -polymer  s. Tor  copper  polychelates  we  have  a  re  versa 
depenlanee*  It  ia  possible*  tbat  this  difference  is  connected  with  the  fact*that  the 
copper  in  thesa  e impounds,  in  contrast  to  Ni,  is  not  in  an  identical  valent  state* 

anBmerid.ng.it  is  possible  to  mention  the  following  laws*  revealed  in  the  cata¬ 
lytic  activity  and  selectivity  of  chelate  polymers* 

1*  Catalytic  activity  and  selectivity  are  determined  by  the  metal  included  in  the 
polychelate* 

2*  The  second  factor .determining  catalytic  activity  and  selectivity  ia  the  nature 
of  addenda  a  tone  ^  connected  with  the  metal  in  the  chelate  unit* 

3*  The  third  factor  appears  to  be  the  nature  of  organic  radicals* included  in  the 
polymer* 

4*  Motumerie  analogues  of  the  pclychelate  series  are  catalytically  considerably 
less  active  than  the  corresponding  polychelates, 

5*  rSaximm  catalytic  activity  of  nickel  and  copper  pclycbelates  in  reactions  of 
hydrazine  decomposition  exceed  the  catalytic  activity  of  oxides  and  sulfides  of  ' 
very  same  metals  by  two  and  more  orders* 

A  comparison  of  electro  conductivity  and  catalytic  activity  of  individual  poly- 
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chelates  does  not  give  any  indications  for  the  presence  of  any  king  of  interrelation 
between  same. 

And  so  for  example,  zinc  polychelates  of  structure  1,  as  veil  as  copper  one s( hare 

"9  »1 

an  electrical  conductivity  of  IQ  7  (ohm. cm)  , nickel  polychelates  have  an  electrical 
conductivity  of  less  than  10“  ^  (ohm. cm)”1  Catalytic  activity  of  nickel  and  cop¬ 

per  polychslates  is  hi^i,  and  zinc  p>olychelates  are  catalytically  inactive* 

The  absence  of  connection  vith  electrical  conductivity  is,  apparently,  connected 
with  the  fact,  that  the  basic  nature  of  chemosorption  and  catalysis  are  determined 
not  by  the  semiconductor  properties  of  the  polymer  as  a  whole,  but  by  the  electron 
state  of  the  metal  in  chelate  unit.  This  circumstance,  apparently,  is  due  to  the  de¬ 
tected  sharp  influence  of  the  nature  of  addenda  a tctas, included  in  the  chelate  unit 
on  tho  catalytic  properties  of  the  polymer.  The  high  catalytic  activity,disclosing 
exclusively  by  chelate  polymers  of  transient  metals,  cake  it  possible  to  in¬ 

clude  in  the  interpretation  the  results  of  the  crystalline  field  theory  (7).  But  these 
considerations  do  not  include  the  high  catalytic  activity  of  polychelates  of  monova¬ 
lent  copper  in  structure  1, which  does  not  bavm  free  d-levels.  Catalytic  activity  of 
polychelates  containing  divalent  copper,  exceeds  the  catalytic  activity  of  polychel- 
atea  of  structure  1,  in  vhich  the  monovalent  state  of  copper  has  been  proven. 

At  present  there  is  still  no  clear  idea  about  the  mechanism  of  electro-conducticn 
end  the  nature  of  conductivity  of  the  irrresticpted  polychelates.  It  is  possible,  that 
in  polychelate  of  structure  1  is  present  a  certain  number  of  divalent  copper  ions. 

In  this  case  the  contradiction  can  be  eliminated.  Data  on  the  effect  cf  chemical 
adsorption  of  hydrazine  on  the  electro  a  nduction  of  copper  polychelates  of  struc¬ 
ture  1  speak  in  favor  of  the  electron  nature  of  conductivity  of  these  polymers. 
Adsorption  of  hydrazine  cause  a  reduction  in  resistance,  i.a.  risa  in  electro  conduc¬ 
tivity,  Hydrazine, being  adsorbed  on  nickalous  uxida,  reveals  electron  donor  quali¬ 
ties.  It  may  be  thought,  that  adsorbing  on  polychelates,it  also  remains  a  donor.  Tho 
oxygen  as  a  rule,  during  adserption  reveals  exclusively  acceptor  proper tie s,hecciaing 
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negatively  charged.  The  entry  of  oxygen  produces  no  change  in  resistance  in  a  majority 
of  polychelates,  attesting  to  the  absence  of  oxygen  adsorption  on  then.  In  few  casaa 
as  for  example,  for  the  1(R^)CU  polymer  the  entry  of  oxygen  at  120°  is  followed  by  a 
rise  in  polychelate  resistance  frc*a  3,7*108  to  4«5  .^o8  ohms, which  decreases  again 
when  tlm  wry g»n  is  removed  by  pumping.  Oxygen  and  hydrazine,  as  they  are  adsorbed, 
change  the  resistance  of  this  polychelate  in  opposite  direction. 

Such  nature  of  change  in  electrical  conductivity  at  the  time  of  hydrazine  and  oxygen 
adsorption  is  characteristic  for  send  conductors  with  electron  conductivity.  At  pre¬ 
sent  tins  is  being  conducted  and  investigation  for  the  purpose  of  explaining  the  na¬ 
ture  of  electrical  conductivity  of  the  investigated  polychelatea. 

Interesting  is  th^effeet  of  tha  organic  part  of  the  polymer  on  catalytic  properties. 
Replacement  of  setae  organic  radicals  by  others  leads  to  a  change  in  tha  properties  of 
the  polymer,  especially,  lta  thermo  stability,  which  points  toward  a  deep  change  In 
tha  chemical  bonds,  which  taka  place  in  the  polymer  And  so  far  example,fer  poly¬ 


mer  2b  (R^)Cu  the  loss  in  weight  whan  heated  to  JJ0°  is  39%,  for  the  polymer  2b  (Rg) 

On  -  28.0*,  and  for  2b(R^)0tt  -  only  12.3*,  i.e.  the  strength  of  the  polymer  9  changes 
at  a  change  in  polymers  of  structure  2a  and  2b  of  radicals  in  mafpitude  (Rg)^^J 
(R£^ip(R^)l  catalytic  activity  of  the  polymer  2a(R5,r*i)  Ox  is  greater  than  the  cata¬ 
lytic  activity  of  the  2a(Rg,r*^)Qi  polymer. 

The  effect  if  polymer  structure  on  the  selectivity  of  hydrazine  decomposition 
reaction,  is  of  principle  interest. 

Decomposition  in  two  directions  (by  two  tendencies),  is  possibly,  connected  with 
two  entirely  different  mechanisms  of  these  processes.  It  is  not  clear  now,  whether 
decomposition  takes  place  on  various  sections  cr  on  one  and  the  very  sane  ones  and 
what  the  nature  of  these  sections  is.  7b  explain  all  these  questions  the  mechanise  of 
deeaaposltion  is  being  invest  igated.  The  revealed  lavs  have  an  analogy  with  the  lavs 
determining  the  properties  of  ferments.  Chelate  polymers  belong  to  the  new  type  of 
heterogeneous  catalysts,  intermediate  between  ordinary  inorganic  catalysts  and  natural 
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highly  active  catalysts  -  fe  manta,  Explanation  of  the  catalysis  mechanism  fay  such 
contact  ideas  ia  of  principal  interest  for  the  theory  of  selecting  catalysts* 
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